A longitudinal study of lymphocytic infiltration in the endocrine pancreas of non-obese diabetic mice was performed to investigate the role of different lymphocyte subsets in the pathogenesis of diabetes. The incidence of insulitis and the percentage of mononuclear cell subsets in the pancreas were evaluated in non-obese diabetic mice of various ages (5, 9, 13, 17, 22, 29 and 36 weeks). Cryostat sections of pancreas were stained with heamatoxilin-eosin or with different monoclonal antibodies against total T lymphocytes, helper T lymphocytes, cytotoxic/suppressor T lymphocytes, activated interleukin 2 receptor positive lymphocytes and B lymphocytes. A monoclonal antibody against Class-H antigens was also used. Positive cells were revealed by the immunoperoxidase technique. Insulitis was found in 5 weeks old mice but to a lesser extent than in adult animals. No significant variation between infiltrating cell subsets was found in different age groups. T lymphocytes ranged between 20.4% and 28.1%, B lymphocytes between 28.8% and 30.8% and Class-II positive cells between 22.8% and 32.2%. Interleukin 2 receptor positive cells ranged between 5.5% and 8.5% as detected with AMT-13 monoclonal antibody which recognise the interleukin 2 binding site. A higher percentage of activated cells was observed using another monoclonal antibody (7D4) directed against a different epitope of the interleukin 2 receptor, suggesting the presence of activated lymphocytes with interleukin 2 receptors saturated by interleukin 2. No insulin-containing cells were found to express Class-II molecules as demonstrated by a double immunofluorescence technique. Most infiltrating mononuclear cells were found to be positive for Class-II and L3T4 antigens or to be Class-II positive and express surface immunoglobulins. We conclude that pancreatic infiltration is an early expression of autoimmune phenomena occurring in these mice and that monocytes and B-lymphocytes predominate in the infiltrate. The role of interleukin 2 and interleukin 2 receptor positive lymphocytes in inducing and maintaining the immune response towards B cells is discussed.
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The non-obese diabetic (NOD) mouse spontaneously develops an autoimmune form of insulin-dependent diabetes characterized by a massive lymphocytic infiltration in the endocrine pancreas starting in the first weeks of life [1, 2] .
Three diabetogenic recessive genes have been identified in this animal model, one being located in the region coding for the major histocompatibility complex (MHC) antigens [3, 4] . Anti-islet cell, anti-salivary duct and others auto-antibodies have been also observed [5, 6] suggesting the involvement of humoral immunity concomitant to cell mediated immunity. Experimental evidence suggests that T lymphocytes play a major role in development of diabetes in the NOD mouse as confirmed by the absence of disease in athymic mice [7] or in mice treated with a monoclonal antibody (MAb) against T lymphocytes (anti-Thyl.2) [8] . Amongst T lymphocytes both T-helpers (L3T4 antigen bearing cells) and T-cytotoxic/suppressors (Lyt2 antigen bearing cells) are necessary for development of disease [9] [10] [11] .
Conflicting data have been reported concerning the percentage of lymphocyte subsets infiltrating the pancreas. Some authors have found a prevalence of B-lymphocytes, others of monocytes or T helper lymphocytes [2, 51. In order to clarify the course and type of lymphocytic infiltration, we have investigated the incidence of 
Materials and methods

Animals
A total of 29 NOD female mice (CRC, Transplantation Biology Centre, Harrow, Middlesex, UK), were used for this study. They were part of a colony donated by E. H. Leiter (The Jackson Laboratory, Bar Harbor, Me, USA) [4] . The incidence of diabetes is 60-70% in females and 15-20% in males by the age of 36 weeks. They were reared on a commercial diet and tap water ad libitum. Animals were killed at the age of 5 (n = 3), 9 (n = 5), 13 (n = 4), 17 (n=5), 22 (n=4), 29 (n=4), or 36 (n=4) weeks, the pancreas removed and immediately frozen in liquid nitrogen and stored until immunohistochemical studies were performed. monocytes, 3.129 (anti-Lyt2) which defines lymphocytes of the cytotoxic/suppressor subset, P7/7 (reactive with both I-A and I-E molecules of H-2 b, d, f, k haplotypes) for Class-II + cells [12] , AMT-13 (anti-IL2R) which recognizes the interleukin2 (IL2) binding site on activated T lyraphocytes [13] and 7D4 (anti-IL2R) which binds to a different epitope of the IL2R and does not compete with IL2 or AMT-13 [14] . In mice of 22 and 29 weeks of age, B lymphocytes were also detected by incubating sections for 1 h with a biotin-conjugated rat anti-mouse immunoglobulin M (IgM) MAb (Dako).
After 1 h incubation, 30 ktl of peroxidase conjugated rabbit anitrat immunoglobulins (Ig) (Dako P260) diluted 1:50 in tris-buffered saline (TBS) plus 10% normal mouse serum were added to sections for 45 min. Biotin conjugated first antibodies were revealed by a second incubation with 30 ~ of peroxidase conjugated avidin (Dako P364, High Wycombe, Bucks, UK) diluted 1:500 in TBS. One slide served as negative control and was stained only with second antibody. All sections were then treated with diaminobenzidine (DAB) and counterstained with Mayer's haematoxilin [15] .
The percentage of positive cells was evaluated by counting 300-1000 cells in blind in 5-10 different islets for each pancreas using an ocular grid at 400 • magnification.
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Histological examination
The tail of pancreas was chosen for each animal because of the higher islet content. Cryostat sections were prepared as follow: 9 consecutive 5 l-tm sections were cut and put on different slides; approximately after 300 ~m, another 9 consecutive sections were cut and put on the slides. This was repeated 5 or 6 times, thus each slide had 5 or 6 different sections which allows the identification of 10 to 30 islets. One slide served for morphological analysis and the other 8 for immunohistochemical studies.
For morphological analysis sections were stained with haematoxilin-eosin and examined in blind at 250 x magnification using a microscope with an ocular grid. Islet infiltration was scored as mild if lymphocytes were present as a ring around the islet and no more than 1001ymphocytes were usually counted; medium, if lymphocytes were in higher number (100 to 1000) around the islet with infiltrated area smaller than islet tissue area; severe, if infiltrated area was larger than islet tissue area and lymphocytes were also present inside the islet altering its normal architecture (Fig. 1) . The percentage of infiltrated and non infiltrated islets was then calculated at each time point.
Immunoperoxidase staining
Remaining sections were fixed for 30 min in acetone at room temperature and stained with the following monodonal antibodies: HO-13.4 (biotin conjugated anti-Thyl.2) which defines T lymphocytes, H-126 (anti-L3T4) which defines lymphocytes of the helper subset and some antibody to the FITC-conjugated Ig. For insulin staining, a guinea pig .~ anti-human insulin serum (1:100) reacting also with mouse insulin and biotin conjugated goat anti-guinea pig IgG (Sigma Poole, Dorset, k,,-UK) (1:100) were used followed by incubation with Texas-red streptavidin. Sections were then examined under an UV microscope using ~ 6 two different filters to visualise alternatively fluorescein or Texas-red.
Statistical analysis
Analysis of variance (ANOVA) was used to evaluate differences in the percentage of infiltrating cell subsets in animals of the same age and different ages; unpaired Student's t test was used for comparison of data obtained with AMT-13 and 7D4 MAb. Age (weeks) Time course analysis of histological changes in the pancreas of NOD mice revealed that at 5 weeks 22% of islets were infiltrated and that insulitis is predominantly mild (Fig. 2) . In older mice, the percentage of infiltrated islets increased to nearly 80%, and insulitis became more severe with loss of islet architecture; however, we never observed necrotic islets. The maximum incidence of diabetes occurred between 22 and 25 weeks of age in our colony. In those mice examined at 36 weeks of age and which did not developed diabetes, the number of infiltrated islets was slightly lower as well as the severity of insulitis.
Results
Histological examination
Immunoperoxidase staining
Immunohistochemical study of pancreas sections revealed that the predominant cell subset infiltrating the pancreas was L3T4 + (Fig. 3) . No significant changes in the distribution of cell subsets were observed in mice at differing ages (Table 1) , nor did the percentage of IL2R+ cells, as evaluated with either AMT-13 or 7D4 Mab. However, in all age groups except in 36 weeks old mice, more cells were stained by 7D4 than AMT-13. This difference was more evident in younger mice and was statistically significant only in mice of 9, 13 and 17 weeks of age (p < 0.02, p < 0.002, p < 0.05 respectively, Fig.4 ). Furthermore, a significant difference in Lyt2+ cells was found between mice of 22 and 29 weeks of age (p < 0.002; unpaired Student's t test), (Table 1) . Among all animals studied, Class-II + cells ranged between 17.5 and 47.8%, B lymphocytes between 28.0 and 35.4%, both subsets being more numerous than total T lymphocytes (17.9-28.2%). 
Immunofluorescence staining
Discussion
Lymphocytic infiltration in the endocrine pancreas is the histological hallmark of human Type I (insulin-dependent) diabetes. NOD mice represent an ideal animal model to investigate such an immune phenomenon. We have studied the natural history of insulitis and the phenotype of mononuclear cell subsets infiltrating the pancreas in these animals over their life span. As previously reported, insulitis was evident as early as the 5th week of age [1, 2, 5, 116] and increased until the onset of diabetes which, in outr colony, occt~rs between the 22nd and 25th week of age. We also observed that concomitant to the increase of islet infiltration, B-cell mass starts to decrease. When all B cells have been destroyed, lymphocytes abandon the islet. This was particularly evident in diabetic mice of 22 and 29 weeks of age in which we found that all non-infiltrated islets were small and lacking B cells (Fig. 2) .
The BB/W rat is another animal model for insulindependent diabetes but, unlike NOD mice, they develop insulitis a much shorter time before the onset of diabetes and show substantial immunological abnormalities which are less marked in NOD mice [17] [18] [19] .
These findings suggest that the diabetic syndrome in NOD mice offers a better model of human Type 1 diabetes. Moreover, the pre-diabetic period in NOD mice is also characterised by the presence of islet cell auto-antibodies (ICA) which are frequently detected between the 12th and 18th week, later than the histological evidence of insulitis [5, 6] . In humans, the presence of ICA and other auto-antibodies and abnormalities of cell mediated immunity have been detected up to eight years before the onset of diabetes [20, 211 and insulitis may already be present at this stage. Howewr, histological data available in humans are reported omy at diagnosis [22] when more than 90% of B cells are already destroyed and all lymphocyte subsets, including activated T cells, have been identified in the insulitis [231. Class-II expression by B cells has also been demonstrated in Type i diabetes; whereas, we never found Class-II + B cells in NOD mice using the P7/7 MAb as also reported in a previous publication [24] .
The results of our immunohistochemical study in NOD mice revealed that L3T4 +, Ctass-II + and surface IgM + cells are the predominant subsets detectable in insulitis. As different mononuclear cell subsets may share some antigens, we performed double immunofluorescence staining on pancreas sections in order to further define the phenotype of cell subsets infiltrating the islets. We found that not all L3T4 + cells were T lymphocytes (Thyl.2 + ) indicating that L3T4 antigen is expressed also on surface of other mononuclear cells, probably monocytes, as it has been reported for human monocytes [25] . Further evidence of this come from the observation that some L3T4 + cells also expressed Class-II antigens, but we did not find Class-II antigens on Thyl.2 + lymphocytes, and it is still doubtful whether murine T lymphocytes can express Class-II antigens [26, 27] . This implies that Class-II + cells are more likely to be monocytes and B lymphocytes than T lymphocytes. The cell subset identified with an anti-surface IgM antibody may also include monocytes, in addition to B lymphocytes, as confirmed by the finding of some overlap in staining with anti-Class-II and anti-IgM.
We conclude that monocytes are the most represented mononuclear cell subset infiltrating the pancreas. This may have important implications in the pathogenesis of the disease as monocytes have been shown to be relevant in the induction and maintenance of insulitis [28, 29] .
Previous reports on the histopathology of pancreas in NOD mice have identified B lymphocytes as the major infiltrating cell subset [5] ; others found that L3T4 + and Class-II + mononuclear cells were the most represented subsets in infiltrated islets [2] . However, Class-II + cells were interpreted as activated T lymphocytes [2] , but our double immunofluorescence experiments showed the absence of IL2R on most Class-lI + cells. We recently reported that activated lymphocytes are better defined by the presence of IL2R [24] ; thus, in the present study, we characterised activated lymphocytes using two different MAb; AMT-13 which competes with IL2 for the same binding site [13] and 7D4 which recognises a different 9 epitope on the IL2R [14] .
We found that the percentage of 1L2R+ cells ranged between 3.6% and 11.6% of the total infiltrating cells, thus representing approximately up to 30% of T lymphocytes. The difference observed using the two MAb may be attributed to a high secretion of IL2 which binds to cell associated receptors on T lymphocytes, thus inhibiting the binding of AMT-13 but not of 7D4 MAb. Therefore, the use of a MAb, which competes with IL2 for the same binding site on cell receptors, may lead to underestimating the number of activated lymphocytes. It is of interest that a difference between the percentage of AMT-13+ and 7D4+ cells was found only in young mice before the onset of diabetes. This finding suggests that IL2 secretion is high in the early phase of insulitis and tends to decrease when B cell mass diminishes. This phenomenon may be relevant for induction and maintenance of an immune response towards B ceils [30] .
These findings enphasise the importance of activated T lymphocytes in the pathogenesis of the disease justifying new approaches with selective immunotherapy based on suppression of inhibition of activated IL2R+ T lymphocytes for the cure and prevention of Type 1 diabetes [31] .
